Small-plot experiments for two levels of infestation (20 and 40 plants per m 2 ) with Chenopodium album L. and Echinochloa crus-galli (L.) P. Beav were conducted in the 2009-2011 seasons. In the first variant, the effect of time of weed removal on maize was investigated. Weeds were removed in the following growth stages of maize: one, three, five, and seven leaves, the beginning of stem elongation, and the stage from the fourth to sixth node. The second variant concerned the effect of time of weed emergence on maize and included the same maize growth stages as mentioned above. In both treatments, weed competition was compared to the control -the plot completely free from weeds, as well as to the plot fully covered with weeds. Echinochloa crus-galli in the amount of 20 plants per m 2 , which were not removed until the five-leaf stage or which emerged immediately after the seven-leaf stage of maize, did not show any competitive effect on the growth and development of maize. Chenopodium album was characterized by a similar effect at the same level of weed infestation severity and when not removed until the five-leaf stage as well as in the case of plants that emerged after the seven-leaf stage of maize. Both species present in an amount of 40 plants per m 2 needed to be removed no later than at the three-leaf stage of maize.
Introduction
Among all cereals, maize is the most susceptible to weed competition. In the first weeks, it grows very slowly and weeds appearing in wide inter-rows strongly compete with maize for water, nutrients, and light. The efficiency of herbicides applied to regulate or control weeds depends, to a high extent, on the knowledge about time intervals in which the competitive activity of weeds in the maize field is strongest [1] [2] [3] . The above-mentioned knowledge is also an important and strategic element in integrated weed control programs where manipulating weed populations and reduction in their number below the economic thresholds from early stages of maize development to its harvest are especially emphasized [4] . Therefore, it is necessary to determine the moment by which weeds accompanying the emerged maize will not have contributed to a decrease in maize yield, the length of the required period without complete weed infestation in maize seeds sown as well as since when the growing weeds do not pose a risk to maize growth [5, 6] .
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Currently, in many European countries the highest share in maize infestation with weeds belongs to Chenopodium album L. and to Echinochloa crus-galli (L.) P. Beav. [7] [8] [9] . In the last few years, the threat for maize plantations posed by thermophilous late-germinating species like: green foxtail [Setaria viridis (L.) P. Beav.] and yellow foxtail [Setaria glauca (L.) P. Beav.] or black nightshade (Solanum nigrum L.) in secondary infestation has increased, which is facilitated by climate change -higher temperatures as compared to the mean long-term values and more intensive sunlight, especially in May and June [10] . Weeds are strong competitors for maize, especially in the initial period of maize growth. In the first weeks of the growing period, maize increases its mass merely by 2-3%, while for weeds appearing at the same time in wide inter-rows the above-mentioned parameter ranges 15-18% [11] . Chenopodium album or E. crus-galli competes with maize for nutrients such as: nitrogen, potassium, or phosphorus, which can lead to a significant decrease in maize yield and in grain quality [12] . Moreover, especially with adverse weather conditions -low temperatures delaying maize emergence and abundant precipitation, a higher level of weed infestation results in a more significant competitive effect of weeds on the crop plant and in a reduction in yield [13, 14] .
The purpose of the research was to determine the competition period of E. crusgalli and Ch. album resulting from different times of their removal or occurrence in the maize field as well as their effect on maize plant height and green mass yield according to two levels of infestation intensity.
Material and methods
Small-plot experiments were carried out in three growing periods during 2009-2011 in an experimental field belonging to the Department of Weed Science and Tillage Systems in Wrocław, Poland. The experiments were set up on chernozem soil belonging to very good wheat complex, with an organic matter content of 3.6% and a pH of 6.3. Maize was sown in the third 10 days of April at a row spacing of 0.75 m. After emergence, maize was thinned to leave 13 plants per row. Maize was fertilized with N 152 kg/ha, P 72 kg/ha, and K 80 kg/ha.
The research was conducted in 2 × 2 m plots, in three replications. The examined weed species, i.e., E. crus-galli and Ch. album, occurred in the experimental plots alone, in the amount of 20 or 40 plants per m 2 after thinning. Weed species that were not the subject of investigation, but occurred in the maize crop, were successively removed just after their emergence.
In the first experiment, the effect of time of weed removal on maize was investigated. The emerging weeds were removed at different growth stages of maize, as follows: one, three, five, and seven leaves, the beginning of stem elongation, from the fourth to sixth node. In the second treatment, time of weed emergence was studied. Seeds of weeds were sown at different times to obtain weed emergence at the above growth stages of maize and weeds were allowed to grow up to green mass harvest.
In both experiments, the competitive effect of Ch. album and E. crus-galli was compared to the control free from weeds and the treatment where weeds occurred at the one-leaf stage of maize and remained until harvest. The competitiveness of each species was recorded based on plant height and green matter yield. Plant height measurement and green matter harvest were made at the maize tasseling stage. The data were subjected to analysis of variance to evaluate the significance of differences at α = 0.05.
Results
The competitive effect of E. crus-galli on plant height and yield of maize , it was possible to maintain this species only to the three-leaf stage of maize, i.e., BBCH 13, without a negative effect on further growth of maize. In turn, for both weed infestation levels, when the obtained results were compared to the weedy control, a significant increase in green matter yield was found in the weeded plots before maize reached the seven-leaf stage. Subsequent weeding did not result in yield increase.
When weed species occurred in the maize field from the time of the seven-leaf stage of maize, i.e., BBCH 17, in the amount of 20 plants per m 2 and remained until the harvest time, it did not contribute to a decrease in maize height and green matter yield, while earlier emergence of E. crus-galli posed a considerable threat to maize development and growth (Tab. 2). In the case of higher infestation with this weed species, its presence in the maize field was possible without any negative effect on maize yield after maize had reached the first-node stage (BBCH 30). When the emergence of weeds took place earlier, strong E. crus-galli competition affected plant growth and a decrease in green matter yield was observed. The emergence of E. crus-galli at the one-leaf stage of maize resulted in a yield similar to that of the weedy control, while weeds emerging at the later growth stages were not strong competitors for maize and the yield of maize was significantly higher than for the treatment without weeds.
Tab. 1 Influence of E. crus-galli competition on green matter yield and maize plant height depending on weed removal time. 2 ), this species could remain in the maize field without any loss in green matter yield until maize reached the five-leaf stage. Plant height decreased when weeds were left until maize reached the seven-leaf stage. Delayed removal of this weed species led to a considerable decrease in maize yield, compared to the yield obtained from the plot fully covered with weeds. At low weed infestation, an increase in green matter yield was obtained in comparison with the weedy plots when Ch. album was removed even in the first-node stage of maize. At higher weed density, they should be removed no later than at the five-leaf stage of maize.
This species, in the quantity of 20 plants per m 2 , emerging during the seven-leaf stage of maize and remaining in the field until maize harvest, did not result in decreased maize growth or green matter yield, while earlier emergence of this weed considerably endangered maize growth (Tab. 4). In the case of more numerous occurrence of Ch. album in the maize field, its presence was allowed after maize had reached Tab. 3 Influence of Ch. album competition on green matter yield and maize plant height depending on weed removal time. 
Discussion
In farms with integrated production systems, the decision about removing weed species should be taken on the basis of observation involving weed emergence, the rate of germination and biomass growth. The beginning and end of the critical period of weed competition determine the decrease in corn yield by about 5% [3, 15] . The determination of optimal time for the removal of weeds that appear along with maize emergence or those that threaten the maize crop in the second half of the growing period facilitates the decision about the application of herbicides without the risk of damaging maize plants [16] [17] [18] . The research, conducted by Rola and Rola [12] , on the relationship between maize yield and time for how long E. crus-galli is left in a maize field proved that the length of the period during which this weed species occurred in the maize field significantly affected maize yield. In the case of occurrence of E. crus-galli until the three-leaf stage of maize, a reduced green matter yield by over 9% is recorded. Further delay in removing weeds resulted in a subsequent decrease in maize yield, while leaving the weeds till maize harvest caused a loss in yield up to 69%. Similar conclusions were drawn by Rusu et al. [19] and Gołębiowska [20] in their research involving the assessment of the competitive effect of E. crus-galli on maize plants within their whole growing period. Also LeBlanc et al. [11] conducted a study on the influence of both the presence and lack of Ch. album accompanying E. crus-galli on maize emergence, growth and yield.
The literature data point to the fact that E. crus-galli, in the case of its occurrence in a maize field till maize reaches the five-leaf stage, has no competitive effect during the maize growing period. The removal of the above-mentioned weeds during that time allowed obtaining a pure maize stand, uninhibited plant growth, and a yield comparable to that harvested from the plot without weeds. When the weeds were not removed after the above-mentioned time, a significant decrease in both yield and 1000-grain weight of maize was found [19] .
Another research additionally proved the threat that both investigated weed species posed to maize growth and development in the second half of the maize growing period, which led to secondary weed infestation. In order to avoid yield loss, it is possible to allow E. crus-galli to emerge in the amount 80 plants/plot after maize plants have produced five leaves, while in the case of Ch. album, at the same intensity of infestation, only after seven leaves have been produced by maize. However, at a higher weed infestation level, weeds can be allowed to emerge only after the first node has appeared on maize plants.
As reported in the research by Villasan et al. [21] , who attempted to determine the threat posed by leaving these two weed species in a maize field, maize absolutely required a stand free from weeds within the period from 25 to 30 days after its emergence. Since the competition on the part of weeds was highest during that time, maize yield losses due to the above-mentioned competition were 73% in comparison to the treatment without weeds. The findings reported in the research concerning the determination of optimal time for the removal of Cyperus rotundus, Portulaca oleracea, and Ch. album indicated the following period free from weeds: from the three-to sevenleaf stage of maize, at the latest till maize has produced 10 leaves [2, 22, 23] . It can also be concluded from the literature data that leaving E. crus-galli in the maize field for 2-6 weeks after maize emergence negatively affected maize yield, causing a decrease in maize grain yield by 12-69% [12] . This is a proof that in the case of high infestation weeds should be removed from the maize field before it enters the 2-4 leaf stage, i.e., 2-4 weeks after maize emergence at the latest.
Our study proves that at weed density of 20 plants per 1 m 2 , it is necessary to completely remove the weeds before maize reaches the five-leaf stage. For a higher weed infestation level, it is required to remove E. crus-galli before the three-leaf stage of maize starts. As far as Ch. album is concerned, the requirements mentioned above can be met by removing the weeds before maize reaches the seven-leaf stage, while for higher infestation levels -before the five-leaf stage of maize.
In the research carried out by Auškalnieně [1] , maize susceptibility to infestation with annual dicotyledonous weed species was compared. To reduce weed competition, higher sowing density was used. During the critical period of weed competition, till about a month after maize emergence, the weeds left in the field caused a decrease in green matter yield of maize by 50% and even more, depending on the intensity of weed occurrence.
The literature data show that different time intervals have been determined from the three-leaf stage of maize until the inter-rows are covered by weeds, depending on the intensity of weed infestation, which proves the absolute necessity of maintaining a weed-free crop stand in order to obtain appropriate plant growth and high crop yield. It is also important to determine time intervals that allow weeds to emerge at later times and do not cause any decrease in maize yield. This research enabled the determination of the above-mentioned time intervals for E. crus-galli and Ch. album.
Conclusions
■ Echinochloa crus-galli at the density of 20 plants per m 2 , which were not removed until the five-leaf stage or which emerged immediately after the seven-leaf stage of maize, did not show any competitive effect on the growth and development of maize. ■ The effect of Chenopodium album on maize was similar to E. crus-galli. ■ Both species present at the density of 40 plants per m 2 needed to be removed no later than the three-leaf stage or they may not emerge after the first-node stage of maize without a significant influence on the decrease in yield.
